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Introduction
Along with women's increased participation in the labor force, early childhood education and care services 1 have expanded in many OECD countries. In several countries such as France, Germany, Sweden, and the UK more than 90 percent of all 3-year-olds are enrolled in early childhood education (OECD 2014) . While a number of studies have found positive impacts of early childhood education programs on both cognitive and non-cognitive outcomes 2 (particularly for disadvantaged children), the picture is less positive when it comes to health benefits. Descriptive evidence demonstrates a substantially higher number of infections among children who attend preschool compared to children who are cared for in the home (see, e.g., Wald, Guerra and Byers 1991; Lu et al. 2004; and de Hoog et al. 2014) , suggesting that preschool attendance at very young ages might be detrimental for child health, at least in the short run.
Consistent with this, Baker, Gruber and Milligan (2008) find that an expansion of childcare in Quebec had negative effects on children's health status.
Whether, and to what extent, children's health is affected by preschool attendance may depend on the quality of the specific preschool center. In this paper we can show that there are large differences between preschools with respect to children's level of absence due to illness -conditional on parents' socio-economic background. This finding suggests that preschool quality and activities within preschools may be an important determinant of children's health outcomes.
The purpose of this paper is to investigate if improved hygiene practices at the preschool can reduce children's absence due to illness. To this end, we evaluate an intervention with the aim of reducing the number of infections among the children. The intervention, which took place in nearly all public preschools in Gothenburg municipality (the second largest municipality in Sweden), involved an inspection of the preschool's hygiene practices (e.g. hand hygiene, food handing and cleaning/surface disinfection), a lecture for the staff on how to prevent contagious illness among children, and guidelines regarding recommended length of absence for different types of infections. We evaluate the effect of the intervention on children's illness-related 4 IFAU -Illness-related absence among preschool children absence. In order to further assess the potential for this type of policy initiative to reduce absence due to illness, we pay particular interest to whether the effect of the program varies with different child and preschool characteristics that may be important for children's amount of illness (e.g., child age, group size, age composition among the children, and initial hygiene conditions at the preschool).
There is limited knowledge about how illness-related absence varies across preschools with different (child and preschool) characteristics. We therefore also describe how (in our context) illness-related absence varies with the age of the children, and how much of the variation in absence levels across preschools that can be explained by differences in the children's background characteristics.
In addition to the suffering that illness brings on a child and the potential long-run health impact, 3 there are several other costs associated with a child being ill: Parents may need to stay home from work in order to care for the child, implying lost earnings as well as potential production disruptions at the workplace. In Sweden, the social insurance system compensates parents for lost earnings due to care for an ill child. The state's expenditure for this type of benefit amounted to around SEK 5 billion (EUR 534 million) for 2013 (Swedish Social Insurance Agency 2014). The child's illness may also be contagious to other family members as well as to the preschool staff. Moreover, long or frequent absence spells may affect human capital accumulation as the child misses out of the educational content of the preschool program. In addition, the child may also miss out of important aspects of socialization and group belonging. Thus, there may be large economic gains from knowledge about how to organize and run preschools in order to minimize the risk that the preschool itself causes child illness.
Our study is based on detailed register data on preschool enrollment, which we have linked to daily information on parents' use of temporary parental benefits for care for an ill child as well as information from the preschools on the share of children absent due to illness. Our data also include a large number of background variables for the children and their parents. To estimate the causal effect of the intervention, we take advantage of the fact that it was rolled out gradually, district by district, during a six-year period. We 3 While the economic literature tends to highlight the potential for childhood health investments to have positive long-term effects on individuals' health outcomes (e.g. Almond and Currie 2011) , it is also possible that more infections during early childhood reduces the number of infections later on by strengthening the immune system (see e.g. Ball et al. (2002); de Hoog et al. 2014) . A reduced number of infections during the first preschool year due to improved hygiene may then imply that the child instead experiences more infections later on.
IFAU -Illness-related absence among preschool children 5 compare the rate of absence due to illness among children in preschools that have taken part of the intervention, with the absence rate among children in preschools that have not yet taken part, using a difference-in-differences design.
The youngest cohort of preschool children (1-to 2-year-olds) is reported ill about 12 percent of all days the preschool is open. Our data also reveal a strong age gradient in absenteeism: 1-to 2-year old preschool children are absent almost twice as much as 4-to 5-year-olds. We find no reduction, on average, in children's illness-related absence due to the intervention. This conclusion holds regardless of whether we measure illnessrelated absence by parents' use of temporary parental benefits or as reported absence from the preschools. It also holds across different age groups of preschool children, and for preschools with varying absence levels before the intervention. However, we do find a small decline in the use of temporary parental benefits among children who attend sections with relatively few children. We find some empirical support for that the zero average effect may be the sum of two opposing effects: an initial increase possibly caused by stricter guidelines regarding absence during infections, followed by a decrease, possibly caused by improved hygiene practices. The decrease occurs after the assessment of the preschool's hygiene practices and a lecture for the staff, which is in line with improved hygiene leading to less absence due to illness among the children.
There are several previous studies of hygiene interventions at childcare centers, most of which are based on small-scale randomized control trials with monitored compliance of the stricter hygiene practices (see, e.g., Willmott et al. 2015; Brady 2005; and Huskins 2000 for reviews). Most studies report reduced rates of infections due to the interventions being studied. For instance, Lennell et al. (2008) find that the use of handdisinfection decreased children's rate of absenteeism due to infections by 12 percent in a group of Swedish preschools, and Uhari and Möttönen (1999) find an 8-9 percent reduction of the number of infections among Finnish preschool children following an educational prevention program.
This paper contributes to this literature by studying a large-scale ongoing intervention, involving altogether 275 preschools. There is generally a lack of evidence from large-scale hygiene interventions at preschools. This is unfortunate since it is doubtful whether the evidence from small-scale experiments with strict implementation and monitoring are applicable when interventions are introduced on a much larger scale and 6 IFAU -Illness-related absence among preschool children strict practices are to be maintained over time. We utilize daily data on children's absence due to illness for a sample of more than 20,000 children per year, and our data span a time period of eight years. Access to detailed data for such a large sample, enables us not only to estimate the average effect of the intervention, but also to investigate if the effect varies with either child or preschool characteristics. Such analyzes are important from a policy perspective as they show how one can target this type of interventions to settings where they are most likely to be effective. The data also allow us to estimate both the short-and the longer-run impact of the intervention.
Our paper also contributes to the economic literature on effects of early childhood education programs 4 , by investigating the importance of one aspect of preschool quality, namely hygiene practices, for children's health-related outcomes.
The rest of the paper is outlined as follows: We start by describing the Swedish preschool/childcare system (Section 2). Thereafter, we present our data and show descriptive statistics on absence due to illness among preschool children (Section 3). In Section 4 we describe the health intervention, and in Section 5 we outline how we identify its effect on illness-related absence. Section 6 presents our results and Section 7 concludes.
Early childhood education in Sweden
The labor force participation rate in Sweden is almost as high among women as among men, also among mothers with young children. 5 The municipalities are obliged to provide preschool to all children from the age of 1 if the parents are working or studying. Nearly 50 percent of all 1-year-olds are enrolled in preschool and close to 90 percent of all 2-year-olds; see Figure 1 . Most children stay enrolled until the age of 6 when they move on to a preschool class, which serves as a one-year bridge between preschool and compulsory school.
4 See Ruhm and Waldfogel (2011) for an overview. Source: National Agency for Education (2014) Parents can request specific preschool centers. If there are no open slots at these centers, they will be offered a slot at a preschool as close as possible to their home. The preschool fee is highly subsidized and does not vary across centers: the fee is proportional to the parents' income (up to 3 percent of a family's monthly income), but will never exceed SEK 1,287 (EUR 136) per month. 6 Families with more than one child enrolled pay a reduced fee per child. The maximum fees apply to both public and private preschools. Most preschools are publicly provided: in 2014, only around 20 percent of the children were enrolled at privately provided preschool centers (National Agency for Education 2014b).
Early childhood education and childcare is combined in Sweden. Preschools thus have the dual task of both enabling parents to combine parenthood with work (or studies) and to promote children's development and learning. 7 Since 1998 there is a national curriculum that all preschools have to follow. Since early childhood education is explicitly promoted from young ages, children whose parents are unemployed or on parental leave with a younger sibling 8 are also entitled to preschool, but for fewer hours 6 These are the fees that applied in August 2015. 7 Such integrated systems are also used in many other countries, e.g. in Norway, the Netherlands and the United States. 8 Parents are (jointly) entitled to 450 days of paid parental leave per child. The parents can split these days as they like, with the exception of 60 days which are reserved for each parent. Parents with children under the age of 8 are 8
IFAU -Illness-related absence among preschool children per week (minimum 15 hours). Since 2010, all children are entitled to 15 hours of preschool free of charge from the fall semester of the year they turn 3.
The quality of early childhood education in Sweden appears to be high from an international perspective: In OECD's cross-country comparison of pupils to teaching staff ratios for 2012, only Iceland has a lower ratio than Sweden (OECD 2014). In 2014, the average number of children per preschool section was 16.9, and the average child/staff ratio was 5.3 (National Agency for Education 2014b). 43 percent of the staff had a tertiary teaching degree, and an additional 22 percent had completed an upper secondary degree for working with children.
When a child suffers from a contagious illness, he or she is not allowed to attend preschool, although the guidelines and practices regarding minor illness are likely to vary across preschools. As mentioned in the introduction, the social insurance system instead compensates parents for lost earnings due to care for an ill child. We use two measures of absence due to illness obtained from different sources. We primarily rely on information about parents' use of temporary parental benefits (TPB)
for care for an ill child from the Social Insurance Agency. This information is available the full sample of children in our data. The drawback with this measure is that it underestimates illness-related absence as parents do not always use these benefits: some parents may choose to work from home when their child is ill, some children may be cared for by someone else (e.g. a relative), and parents who do not work are not entitled to these benefits.
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Our second measure of illness-related absence is based on absence data collected from a sample of preschools, and should not suffer from underreporting. When the health intervention was introduced in Gothenburg in 2007, preschools were asked to start recording to what extent children were present at preschool or absent due to illness.
They were also asked to register the type of illness the children suffered from (upper respiratory tract infections; diarrhea/vomiting; other infections, e.g. fever, eye infections, chickenpox; and non-contagious illness). These data, which are based on information provided by the parents, as they call in sick for their child, have been collected and digitalized at the preschool section level and are available for about 40 percent of the sample of children.
12
9 Information on preschool section is missing for about 2 percent of the sample. In these cases we treat the preschool as having just one section. 10 Figures are from October each year. 11 The exception is unemployed individuals who receive unemployment benefits; they are also entitled to TPB. 12 The summer months (June, July and August) are not included in these data since many preschools close during a part of the summer. 13 This is the division used in the absence data from the preschools.
10
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Absence due to illness among preschool children
Before we describe the health intervention, we illustrate the link between our two outcome measures: the use of temporary parental benefits for care for an ill child (TPB) and reported absence due to illness from the preschools. We also show how illnessrelated absence varies across age groups and across preschools.
Comparing the two measures of child health
As we discussed above, parents' use of TPB underestimates the extent to which children are absent from preschool due to illness as parents do not always use these benefits.
Since we also have access to absence data from the preschools, we can get an accurate estimate of the extent to which TPB underestimates children's illness-related absence. The table shows that the use of TPB only captures about one third of children's actual absence due to illness. 14 It also shows that there is large seasonal variation in the absence level: children are most absent due to illness in February, followed by March, and least absent in May. 15 However, there are no large monthly differences in the level of underreporting. The absence level also varies with the age composition among the children: preschool sections with younger children have a higher level of absence due to illness than sections with mixed ages and sections with older children (we will return to this in the next sub-section). But there are, again, no large differences in the level of underreporting. Note: Absence due to illness is the total number of days children are reported ill per preschool section and month, divided by the number of children enrolled in the section that particular month. Absence with TPB is the sum of days with TPB per section and month, divided by the number of children enrolled in the section that particular month.
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In Figure 2 we take a closer look at the seasonal variation in the data. We can see that children's illness-related absence follows a similar seasonal pattern each year, both if measured by accounts from the preschools and by the parents' use of TPB.
From the numbers presented in this section we draw the conclusion that the extent to which parents rely on TPB when their child is ill, does not seem to vary systematically with either season or age group.
Figure 2: Number of days reported ill and number of days parents used TPB per month
Differences in illness-related absence across age groups
Earlier studies have documented an age gradient in infectious illness among preschool children (e.g. Wald et al. 1991 and Huskins 2000) . Therefore, we begin by looking closer at how absence due to illness varies depending on age. When studying differences across age groups (throughout the paper), we divide the children into "expected preschool grades" following the school year. Hence, the first "preschool grade" starts in August the year the child turns 1 and ends in July the following year, the second grade starts in August the year the child turns 2 and ends in July the year after, and so on. Table 4 shows absence due to illness for each expected grade, as measured by parents' use of TPB. There are large differences between grades: Children in the first grade are more than twice as much absent compared to children in grade 4 and 5. Figure 3 reveals that this pattern is very persistent over the years. 16 The absence level for the youngest age group must be regarded as high: 0.73 days with TPB should, using the calculated relationship in Table 2 (col. 3), correspond to 2.4 days in actual illness-related absence per month, or an absence rate of around 12 percent (2.4/19.5 days 17 ). Table 4 also shows that there is large variation within age groups: while first grade children in the 10 th percentile of the distribution of children with respect to TPB-days have no days with TPB, children in the 90 th percentile have 3 days with TPB per month, which should (again using the relationship in Table 2 , col. 3) correspond to 10 days of actual absence per month, or an absence rate of around 50 percent. 16 As mentioned above, an age gradient in infectious illness among preschool children has been documented earlier; see e.g. Wald et al. (1991) and Huskins (2000) . Note that the age gradient that we observe could be due to a lower rate of infections among older children, but it could also, at least partly, be due to that older children are more often present at preschool despite having an infection. 17 According to the absence data collected from the preschools, preschools are on average open 19.5 days per month. 
Differences in illness-related absence across preschools
The purpose of this paper is to evaluate the effect of a preschool intervention aimed at reducing infectious illness. As a point of departure for the main analyses we begin by asking the following:
To what extent does absence due to illness vary between preschools?
ii) How much of the observed differences in illness-related absence can be explained by the selection of children, e.g., by differences in socioeconomic background?
16 IFAU -Illness-related absence among preschool children In Figure 5 we try to answer the second question by illustrating to what extent this variation can be explained by observable differences in child characteristics. If most of the differences between preschools are due to that children with good/poor health tend to be concentrated to certain preschools, there is less reason to believe that preschool quality, in terms of hygiene practices, is an important determinant of child illness.
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We first show the variation in the average number of days with TPB per month across preschools, only adjusting for seasonal variation (yearly observations). This plot (left) is comparable to Figure 4 with a difference between preschools at the 90 th and 10 th percentile of the distribution of preschools with respect to TPB-days of around half a 18 For details on how the analysis in Figure 5 is conducted, see Appendix 1.
IFAU -Illness-related absence among preschool children 17 day. The second plot (right) shows the remaining variation after controlling for the available background characteristics (see Panel A in Table 1 ). Differences in these characteristics account for about 40 percent of the variation across preschools. 19 Hence, children whose parents frequently use TPB tend, to a fairly large extent, to be selected into the same preschools. This could, at least partly, be explained by differences in underlying health, but also by the fact that parents' entitlement to these benefits differ across preschools. In areas where fewer people have jobs, parents are likely to use TPB to a lesser extent. However, there is still much unexplained variation (i.e., 60 percent) in illness-related absence, indicating that preschool quality and organization may play an important role for the extent to which children are ill. 
The health intervention
The health intervention HYFS 20 was introduced in Gothenburg municipality in 2006. Its specific aim was to reduce the number of infections among preschool children through improved hygiene practices and education of the staff. The program included several components, and we evaluate its overall impact.
The intervention began with a startup meeting with the preschool director. The preschool then appointed one of its staff to be responsible for hygiene and answered a survey involving detailed questions on existing hygiene practices (e.g. regarding hand
hygiene, toilet/diaper routines, food handing and cleaning/surface disinfection).
21
Following this, a nurse, specialized in hygiene, visited the preschool for further examination of the routines and this meeting was followed by a 2-hour lecture for the staff on how to prevent contagious illness among children. In some cases there was a follow-up meeting a few months later. The main area emphasized in the project was the importance of hand hygiene, and thereafter (in order of importance) diaper routines, food handling, and cleaning of toys. The preschools were also encouraged to use guidelines regarding recommended length of absence for various types of infections in order to reduce their spread (e.g. children should preferably be symptom-free for 48
hours before returning to preschool in the case of stomach flu, and for 24 hours in case of fever). As a part of the program, preschools have also been able to contact a nurse for advice, e.g. during outbreaks of infections. Neither the order in which districts were treated, nor the order among preschools within districts, was randomized but, according to the head of the program, arbitrarily chosen by the nurse responsible for examining the hygiene practices and educating the staff. Table 6 examines whether there appears to be any systematic selection of preschools based on previous levels of illness-related absence. For instance, did preschools with a relatively high (or low) absence level tend to be included at an earlier point in time?
The table presents the average number of days that parents used TPB per month the previous year, among newly treated preschools and preschools that were still untreated there does not seem to be any systematic selection of preschools based on previous absence levels. Nevertheless, this comparison suggests that it may still be important to account for previous levels of illness-related absence in the analysis. We discuss how we do this in the following section. 
Estimating the effect of the health intervention
The health intervention may have improved hygiene practices in several dimensions, which can affect children's health through various channels: First, improved hygiene may reduce the risk of falling ill, i.e. lower the incidence of illness. Second, it may reduce the duration of a given illness spell. Third, since many infections are contagious, reducing one individual's risk of falling ill also diminishes the risk that he or she will infect others. To capture all three channels we focus on the number of days children are absent from preschool due to illness.
Since we observe absence due to illness, rather than illness per se, we also need to recognize the possibility that the health intervention could have affected parents' judgment of whether a child was well enough to attend preschool. As a part of the intervention, preschools were given guidelines regarding recommended length of absence for different types of infections. These guidelines may have induced parents to keep their child home longer, or more frequently, than they otherwise would. Preschool staff may also have acted on these guidelines, e.g. by more often sending home children that are ill. Hence, there is a channel through which the intervention potentially also could have increased illness-related absence. The estimated effect on illness-related absence is therefore likely to be an underestimation of the effect on child illness.
As we discussed in the previous section, the order in which preschools were treated was not randomized. To account for the non-random implementation of the intervention across preschools, we employ a difference-in-differences strategy. Hence, we compare the change in illness-related absence before and after treatment among children in treated preschools with the change in illness-related absence during the same time period among children in not yet treated preschools. More specifically, we estimate the following regression model:
where is the number of days absent due to illness for child i, who attends preschool p, during month m. is an indicator that takes the value one once the preschool has taken part of the intervention and zero otherwise. Using a difference-in-differences design we are able to control for all differences between preschools that are constant over time; hence, we can account for that preschools differed in the level of illness-related absence before the intervention took place. However, we need to assume that trends in illness-related absence would not differ between treated and untreated preschools in the absence of the intervention. In order to test this assumption we estimate a model that additionally incorporates preschool specific linear trends (using yearly data). We also perform placebo tests by estimating the same model but where the intervention is (artificially) defined to have taken place one, two, three, or four years before its actual implementation (see Section 6.2).
As we outlined in the previous section, the health intervention consisted of several parts: a start-up meeting with the preschool director, an inspection of existing hygiene practices and, thereafter, a lecture for the staff. We choose to view the date of the startup meeting as the start of the intervention. However, this is not an obvious choice, as the start-up meeting usually took place a few months before the inspection and the lecture for the staff (on average 4 months before; see Table A1 in appendix), and we believe that the latter two components have the greatest potential of influencing the hygiene practices at the preschool. For this reason, we also estimate a model that tries to separate the effect of the hygiene inspection and training of the staff from the effect of the initial start-up meeting; see Section 6.4.
Important to point out is that we do not have information on whether, and to what extent, preschools in fact improved their hygiene practices due to the intervention.
Hence, strictly speaking, we estimate the effect of the intervention, rather than the effect of improved hygiene practices, on children's absence due to illness. The vector of preschool characteristics includes the number of children enrolled in the child's preschool a particular month, and the average number of children in each section of the preschool. 27 Finally, we control for the age composition among the children in the preschool sections. To do this, we include variables measuring the average median age and standard deviation of the sections in the child's preschool.
Results
This section presents the results from the empirical analysis. We begin by discussing the overall effect of the intervention (Section 6.1), followed by the results from a number of placebo tests (Section 6.2). Thereafter we examine whether there are heterogeneous impacts with respect to either child or preschool characteristics (Section 6.3), and in the 25 The parent's age and years of education are controlled for using third order polynomials. 26 For each variable we also include an indicator of whether the information is missing or not. If information is missing that variable is given the value zero. This way we do not exclude any child from the analyses due to missing information on one or more of the background variables. 27 These two variables are also controlled for using third order polynomials.
subsequent section we take a closer look at the underlying patterns behind our overall findings (Section 6.4). Table 7 shows the estimated average effect of the intervention on parents' use of temporary parental benefits. In the first column we only control for month-by-year and preschool fixed effects. In the second we add controls for the child's age in months, the expected preschool grade, sex, and the presence of (younger/older) siblings. In the third column we additionally include the full set of preschool characteristics, and in the fourth we include the full set of parental background controls. Finally, in the last column we also incorporate preschool-specific linear trends. It is indeed possible that adding preschool-specific trends will control for actual responses to the intervention, and not just for pre-intervention trends, and thereby lead to biased estimates (see Wolfers 2006) .
Estimated overall effect of the health intervention
For this reason, we consider column 4 our preferred specification.
The results suggest that, on average, the health intervention had no effect on children's absence due to illness. The estimated effect is statistically insignificant in all specifications and all point estimates are very close to zero: the point estimate in our preferred specification (column 4) implies a reduction of less than 0.005 days with TPB per month, corresponding to less than 0.06 days for a full year. It is also worth pointing out that the results are stable across the different specifications, and do not change if the model incorporates preschool specific linear trends (column 5).
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In Section 3.2.1 we showed that the use of TPB only captures about one third of children's actual absence due to illness. Since it is actual absence due to illness that is our outcome of interest, relying on TPB-data means that we measure the dependent variable with error, which may lead to bias in our estimates. Specifically, we are concerned that if the intervention affects illness-related absence, TPB would only capture part of this change which would bias our estimate towards zero. To examine whether the reliance on TPB-data to measure illness-related absence distorts our findings, we estimate the same model using reported absence due to illness from the The relative effect is obtained by relating the estimate to the mean of the dependent variable.
3 The child characteristics include exact age (in months), expected preschool grade, sex, and presence of older/younger siblings. 4 The preschool controls include, number of children at the preschool, average number of children in each section, and age composition among the children (see Table 1 for details). 5 The parental characteristics include indicators for foreign background, each parent's age (3rd order polynomial), each parent's years of education (3rd order polynomial), indicators for whether each of the parents is a student, and controls for missing values for any of the variables. Robust standard errors, clustered on preschools, in parentheses. */**/*** denotes significance on the 10/5/1 percent level.
The results from this exercise are shown in Table 8 (for our preferred model specification). The first column shows the estimated effect of the intervention on parents' use of TPB for the sample of preschools where both TPB-data and actual absence data are available. The result for this sample is very similar to the result for the full sample (shown in Table 7 ): the estimated effect is statistically insignificant and the magnitude of the point estimate is close to zero. The second column shows that the estimated effect is statistically insignificant also if we use actual absence due to illness as the outcome.
However, the point estimate is larger in size, corresponding to an increase of 0.03 days per month. The larger estimate for reported illness-related absence suggests that relying on TPB-data to estimate the effect on illness-related absence bias the estimate towards zero. However, the magnitude of the overall effect is still small in absolute terms.
In the third column we take into account the number of days the children were scheduled to attend preschool, which is reported for the same sample of preschools, and instead use the share of days absent due to illness as the outcome. The estimated effect is statistically significant at the 10-percent level in this specification, suggesting that the intervention increased absence due to illness by 0.26 percentage points or 2.6 percent (0.00262/0.1014). In sum, we find no evidence that the health intervention reduced illness-related absence. If anything, absence due to illness seems to have increased slightly. While a positive impact may seem counterintuitive at first, it is not implausible if we recognize that as a part of the intervention preschools were given guidelines regarding recommended length of absence for different types of infections. Such guidelines could have induced parents to keep their children home longer than they otherwise would have done. The relative effect is obtained by relating the estimate to the mean of the dependent variable.
3 The child characteristics include exact age (in months), expected preschool grade, sex, and presence of older/younger siblings. 4 The preschool controls include number of children at the preschool, average number of children in each section, and age composition among the children (see Table 1 for details). 5 The parental characteristics include indicators for foreign background, each parent's age (3rd order polynomial), each parent's years of education (3rd order polynomial), indicators for whether each of the parents is a student, and controls for missing values for any of the variables. Robust standard errors, clustered on preschools, in parentheses. */**/*** denotes significance on the 10/5/1 percent level.
Placebo tests
Our identification strategy relies on the assumption that trends in illness-related absence would not differ between treated and untreated preschools in the absence of the intervention. To assess the credibility of this assumption, we investigate whether there are differences in trends for preschools that were treated at different points in time already during the pre-treatment period. To do this, we perform placebo-tests: We estimate the same model as in Table 7 (col. 4), but (artificially) set the start date of the intervention to 12, 24, 36 and 48 months before the actual start-up meeting. In order to 26 IFAU -Illness-related absence among preschool children make sure that the placebo estimates do not capture the effect of the actual intervention, all observations after the actual start date are dropped in these analyses. Since we only have data on reported absence from the preschools for a limited time period before the intervention, this type of placebo analysis is only possible to conduct using parents' use of TPB as the measure of illness-related absence.
The results from these tests are shown in 1 The child characteristics include exact age (in months), expected preschool grade, sex, and presence of older/younger siblings.
2 The preschool controls include number of children at the preschool, average number of children in each section, and age composition among the children (see Table 1 for details).
3 The parental characteristics include indicators for foreign background, each parent's age (3rd order polynomial), each parent's years of education (3rd order polynomial), indicators for whether each of the parents is a student, and controls for missing values for any of the variables. Robust standard errors, clustered on preschools, in parentheses. */**/*** denotes significance on the 10/5/1 percent level.
Heterogeneous effects
Our results do not indicate that the hygiene intervention reduced absence due to illness on average. However, it is still possible that the package of measures to improve hygiene and reduce the spread of infections reduced illness-related absence among 30 Only 4 preschools that implemented the intervention in 2006 are excluded in the first column.
specific groups of children, or certain types of preschools. Below, we examine whether the effect of the intervention varies with either child or preschool characteristics.
As we saw in Section 3.2, there are large differences in illness-related absence depending on child age: the youngest preschool children (ages 1-2 years) are much more often absent due to illness than the older age groups. This type of intervention may therefore have differential effects depending on the age of the children. Table 10 shows results separately for the five expected preschool grades (using our preferred model specification) using parents' use of TPB as the outcome. The estimated effect is statistically insignificant and small in absolute terms for all expected grades -hence, these results do not suggest important differences in effects across age groups.
Since we have to rely solely on parents' use of TPB for this analysis (as reported illness-related absence is only available at the preschool section level), it is possible that the estimates presented in Table 10 are biased towards zero. However, the comparison in Table 2 indicated that the extent to which parents use TBP when their child is ill does not vary systematically across age groups of preschool children. This means that the bias should be similar in all columns of Table 10 , and that a comparison of estimates across age groups is still meaningful. 2 The child characteristics include exact age (in months), expected preschool grade, sex, and presence of older/younger siblings. 3 The preschool controls include number of children at the preschool, average number of children in each section, and age composition among the children (see Table 1 for details). 4 The parental characteristics include indicators for foreign background, each parent's age (3rd order polynomial), each parent's years of education (3rd order polynomial), indicators for whether each of the parents is a student, and controls for missing values for any of the variables. Robust standard errors, clustered on preschools, in parentheses. */**/*** denotes significance on the 10/5/1 percent level.
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In Table 11 we examine whether the effect of the intervention varies by different preschool characteristics that may be important for children's amount of illness-related absence. We examine the importance of group size, age composition among the children, initial hygiene conditions, and level of TPB-use in 2005 (i.e. before the intervention was rolled out).
Frequently meeting a larger group of children should imply a higher risk of being exposed to contagious illnesses. Since younger children are more often ill compared to older children, the age composition among the children may matter as well. Both of these hypotheses are supported by our data: Children in the smallest groups have the lowest level of absence due to illness (see Figure A1) , and young children (grade 1 and 2) who attend groups with many other young children are more frequently ill than children of the same age who attend mixed age groups (see Figure A2) . One should note, however, that it is possible that these patterns are mainly explained by selection, i.e. that children that differ in characteristics are selected to different types of groups.
In Table 11 we present results separately for children who attend preschool sections with less than 15 children (small groups), and for those who attend sections with at least 15 children (large groups). We also show results separately for children in sections that have a median age below 3 (toddler groups), and those in sections with a median age of 3 or above (mixed/older groups). The results indicate that the effect of the intervention does not differ depending on the age composition among the children (see panel A, col.
3 and 4), but that the group size may play a role (see col. 1 and 2). There is a statistically significant reduction in parents' use of TPB due to the intervention among children in sections with less than 15 children. A potential explanation for such heterogeneous effects could be that it is easier to implement and keep up strict hygiene practices in smaller groups of children. However, the magnitude of the estimated effect is small, corresponding to a decrease in the number of TPB-days of 0.024 days per month, or 0.283 days per year.
Depending on a preschool's existing hygiene practices there may have been different room for improvement. In the beginning of the intervention, the preschools answered a survey with detailed questions on existing practices. The survey, which consisted of 40 questions, covered a number of areas relevant for the spread of infections; e.g. hand hygiene, food handling, cleaning/surface disinfection, toilet and diaper routines, and IFAU -Illness-related absence among preschool children 29 sleeping environment. 31 We have summarized the answers on the questions relating to hand hygiene (which was the primary area emphasized in the project) to an index (ranging from 4−13, where higher values correspond to better hygiene practices). In panel B of Table 11 , we show results from separate regressions for preschools that scored above and below average on this index; see col. 1 and 2. In the last two columns we have instead split the sample according to the preschools level of TPB-use in 2005 (i.e. before the intervention was rolled out). We distinguish preschools with high levels of TPB (>75th percentile) from the rest of the sample (<75th percentile). The results do not indicate that there is a differential effect of the intervention with respect to the preschool's initial hygiene practices or previous level of TPB-use.
Our results in the previous section indicated that relying on TPB-data to capture the effect on illness-related absence may bias our estimates towards zero. Unfortunately, using the data on reported absence due to illness in order to assess the magnitude of such a bias turns out to be difficult in this case. For the smaller sample of preschools for which reported absence data is available, the estimates for parents' use of TPB differ from the estimates presented in Table 11 (see Table A2 in the Appendix). Hence, while the estimates in Table 11 can be interpreted as the causal effects on the number of TPBdays, it is uncertain to what extent the estimates also reflect the causal effects on illnessrelated absence. 1 A small group is defined as a group with less than 15 children. 2 Toddler groups are groups with a median age below 3. 3 Good hygiene is defined as scoring above average on the hygiene-index. 4 The mean of the dep. variable is calculated for each sub-sample separately and among untreated observations only. 5 The child characteristics include exact age (in months), expected preschool grade, sex, and presence of older/younger siblings. 6 The preschool controls include number of children at the preschool, average number of children in each section, and age composition among the children (see Table 1 for details). 7 The parental characteristics include indicators for foreign background, each parent's age (3rd order polynomial), each parent's years of education (3rd order polynomial), indicators for whether each of the parents is a student, and controls for missing values for any of the variables. Robust standard errors, clustered on preschools, in parentheses. */**/*** denotes significance on the 10/5/1 percent level.
Understanding the absence of an effect
Our results so far indicate that, on average, the health intervention did not reduce absence due to illness among the children. In this section, we use data on the timing of the different parts of the intervention, along with information on what type of illness the children suffered from in order to shed some light on what could explain the absence of an overall effect.
Effects of different parts of the intervention
As we discussed earlier, it is not obvious how to define the starting point of the intervention: The two components that are likely to have the greatest potential to influence the hygiene practices at the preschool (i.e. the inspection of hygiene practices and the lecture for the staff) generally took place within a month and a few months after the initial start-up meeting (on average 4 months later; see Table A1 in the appendix).
Below, we show results from a model in which we try to separate the effect of the hygiene inspection and training of the staff from the effect of the initial start-up meeting. To do this, we add an additional treatment indicator to our original model, , which takes the value one once the nurse has conducted the inspection of the preschool's hygiene practices, and zero otherwise. The first treatment indicator, , thus captures the effect of the initial start-up meeting, while captures the additional effect of the examination of hygiene practices along with the lecture for the staff. Table 12 shows results from this model when parents' use of TPB is used as outcome variable (for the same five specifications as in Table 7 ). The estimates indicate that the start-up meeting may have resulted in an increase in illness-related absence. This effect is not statistically significant in our preferred specification (col. 4), but it is significant at the five percent level in the model that includes preschool specific linear trends (col. 5).
As we discussed before, a likely cause of such a development could be stricter guidelines regarding absence during contagious infections. In the survey which was conducted just before the inspection of hygiene practices, 399 out of 946 preschool sections (42 percent) answered that they had already implemented the recommended guidelines.
The (additional) effect of the inspection and training is strongly significant in all specifications. Hence, given that we account for the initial increase in illness-related absence, the results indicate that the efforts to improve hygiene and reduce the spread of infections decreased absence due to illness at the preschools. This pattern of results indicates that it is possible that, although we find no overall reduction in illness-related absence, children's health still improved as a result of the intervention. The estimate in our preferred specification (col. 4) suggests a decrease in illness-related absence of around 0.02 days per month on average (or 0.24 days per year) if measured by parents' use of TPB, which corresponds to a decrease by 4 percent (-0.0198/0.4407). In Table   A3 in appendix we show that the pattern is rather similar if we instead use reported illness-related absence as the outcome (for the smaller sample of preschools for which this information is available).
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We want to emphasis however, that it is not possible to completely separate the effects of the different parts of the intervention; the reduction in illness-related absence that seems to take place from the inspection onwards could be partly caused by the fact that the children were absent more often after the start-up meeting, which could have reduced the spread of infections. Moreover, the identification of the separate effects of the inspection and training relies on the strong assumption that the effect of the start-up meeting is constant over time. 32 Our conclusion from these results is not that illnessrelated absence among preschool children is not responsive to this type of intervention.
Rather, the overall null effect may be the sum of two opposing effects.
Effects on absence due to different types of infections
When the preschools recorded illness-related absence they were also asked to register what type of illness the children suffered from: 1) upper respiratory tract infections; 2) diarrhea/vomiting; 3) other infections (e.g. fever only, eye infection, impetigo or 32 An additional caveat regarding this analysis is that we use data for a rather short time period when estimating the effect of the start-up meeting. This may affect the reliability of the estimates in this setting because of a large monthto-month variation in the outcome variable. chickenpox); or 4) non-contagious illness. 33 Table 13 shows results from the same model as in Table 12 , but now absence due to the different categories of illness is used as the outcome. The results are in line with the pattern found in the previous section,
i.e. that the start-up meeting was followed by an increase in illness-related absence, while the inspection and training seem to have contributed to a decrease, at least according to the only statistically significant parameter capturing the effect following the inspection. The estimate for the variable capturing the start-up meeting is positive and very similar across the different categories of contagious illnesses, although it is only statistically significant for diarrhea/vomiting. The decrease in illness-related absence following the inspection seems to be mainly due to a decrease in other infections (e.g. fever, eye infections, impetigo, and chickenpox). The estimate for the fourth category shows no effect of the intervention. This is reassuring since we should not expect the intervention to affect illness that is not contagious. 2 The relative effect is obtained by relating the estimate to the mean of the dependent variable.
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Time-varying effects
Finally, we have made some attempts to uncover whether the effect of the intervention varies over time. It is possible that preschools that have introduced stricter practices through the intervention (both with respect to hygiene and keeping contagious children at home) find it difficult to maintain these over time. Or, alternatively, the routines may become more established over time. To investigate whether the effect varies over time at the preschools, we have defined separate treatment indicators for different years after the intervention began. That is, Treated month 1−12 takes the value one during the first year of the intervention, and zero otherwise; Treated month 13−24 takes the value one during the second year of the intervention, and zero otherwise; and so on.
34 Table 14 presents the average results at the preschool level from this analysis. Treatment is defined to take place 12, 24, 36 or 48 months before the actual start-up meeting. All regressions control for month-by-year and preschool fixed effects. The child characteristics include exact age (in months), expected preschool grade, sex, and presence of older/younger siblings.
7

Concluding discussion
We investigate the effects of a preschool health intervention with the explicit aim of reducing the number of infections among the children. The intervention involved an inspection of the preschool's hygiene practices and a lecture for the staff on how to prevent contagious illness. As a part of the interventions, preschools were also encouraged to use guidelines regarding recommended lengths of absence for different types of infections.
We find no reduction, on average, in children's illness-related absence due to the intervention. This conclusion holds regardless of whether we measure illness-related absence by parents' use of temporary parental benefits (TPB) or by reported absence from the preschools. It also holds across different age groups of preschool children, and for preschools with varying levels of TPB-use before the intervention. We do, however, find evidence of a small decline in the use of TPB for children enrolled in sections with relatively few children. A potential explanation could be that it is easier to implement and keep up strict hygiene practices in smaller groups of children.
A closer look at the underlying patterns in our data suggests that the zero average effect may be the sum of two opposing effects: an initial increase in absence due to illness following the start-up meeting, possibly caused by stricter guidelines regarding absence during infections. Given this initial increase, we find a decline in absence following the inspection of the preschool's hygiene practices and the lecture for the staff, which is in line with improved hygiene practices leading to less absence due to illness among the children.
Our finding that the hygiene intervention did not seem to reduce absence due to illness on average differs from the results in some previous evaluations of hygiene interventions at preschools in Sweden and Finland; see Lennel et al. (2008) and Uhari et al. (1999) . We believe there are (at least) two important differences between the intervention studied here and the earlier mentioned ones. First, the other studies are based on data from smaller-scale randomized control trials, where compliance with the new hygiene practices have been more strictly monitored. It is possible that the proposed hygiene practices were followed less strictly in the intervention that we study.
Second, we estimate the effect of a package of measures that, among other things, included guidelines regarding recommended length of absence for different types of infections. It is possible that the introduction of such guidelines could have caused parents to keep their children home longer, or more frequently, for a given level of illness. This means that it is possible that the intervention did improve the preschools' hygiene practices and thereby the children's health, even though we find no significant reduction in illness-related absence.
The analysis of the variation in illness-related absence across preschools in Section 3.2.3 is conducted as follows:
1)
We calculate the difference between the actual number of TPB-days (TPB), and the predicted number estimated from a model with flexible monthly time controls (TPB_hat1).
2)
We repeat the same procedure as in 1) but add individual background controls to the model, which generates TPB_hat2 and the difference between actual TPB and TPB_hat2.
3)
We calculate TPB, TPB_hat1 and TPB_hat2 by year and preschool.
4)
We plot different (weighted by number of children) parts of the distribution of the differences between TPB and TPB_hat1 and TPB_hat2, respectively. 1 A small group is defined as a group with less than 15 children.
2 Toddler groups are groups with a median age below 3. 3 Good hygiene is defined as scoring above average on the hygiene-index. 4 The mean of the dep. variable is calculated for each sub-sample separately and among untreated observations only. 5 The child characteristics include exact age (in months), sex, and presence of older/younger siblings. 6 The preschool controls include number of children at the preschool, average number of children in each section, and age composition among the children (see Table 1 for details). 7The parental characteristics include indicators for foreign background, each parent's age (3rd order polynomial), each parent's years of education (3rd order polynomial), indicators for whether each of the parents is a student, and controls for missing values for any of the variables. Robust standard errors, clustered on preschools, in parentheses. */**/*** denotes significance on the 10/5/1 percent level. The regressions are estimated at the preschool level with each preschool weighted by the number of children enrolled. All regressions control for month-by-year and preschool fixed effects.
1 The mean of the dep. variable is calculated among the untreated observations only.
2 The relative effect is obtained by relating the estimate to the mean of the dependent variable.
3 The child characteristics include: exact age (in months); expected preschool grade; sex; and presence of older/younger siblings. 4 The preschool controls include: number of children at the preschool; average number of children in each section; and age composition among the children (see Table 1 for details). 5 The parental characteristics include: indicators for foreign background; each parent's age (3rd order polynomial); each parent's years of education (3rd order polynomial); indicators for whether each of the parents is a student; and controls for missing values for any of the variables. Robust standard errors, clustered on preschools, in parentheses. */**/*** denotes significance on the 10/5/1 percent level. Figure A1 : Average number of days that parents use temporary parental benefit (TPB) per month for children in different preschool grades, depending on group size Note: "Size 1" denotes the smallest groups and "size 5" the largest.
IFAU -Illness-related absence among preschool children 45 Figure A2 : Average number of days that parents use temporary parental benefit (TPB) per month for children in different preschool grades, depending on age composition in the group Note: The age composition is defined as the median age in years (rounded to the nearest integer) within the group:" p50 <3" are children aged 1-2; "p50= 3" are children with median age 3; "p50>3 & p50<5" are children with median age above 3 but less than 5 and "p50=5" are children with median age 5.
